. (a) The film of the polymer/-Al 2 O 3 sol-gel on a glass slide. (b) SEM top view and (c) crosssection images of the Al 2 O 3 film without PVA additive coated on α-Al 2 O 3 porous support. The film was prepared by dip coating the porous α-Al 2 O 3 support and further calcined at 550 ºC for 5h. It can be clearly seen that the sol separated from the substrate and form a dense, hard film, which has many cracks on the top. Table S1 . Atomic ratio in the pristine and polymer/-Al 2 O 3 coated samples based on ICP-OES test. Experimental detail: The cycled batteries were discharged to 2.75 V, then disassembled in the glove box to separate the cathode and graphite anode. Two half batteries were reassembled using lithium foil as counter electrode. For the capacity measurement, the half battery was cycled at 0.1C for two cycle, the remaining capacity was got from the second cycle. The EIS were also measured at 50% DOD after one charge/discharge cycle. Intensity / a.u. Figure S10 . The XPS spectra of (a) Al 2p for cathodes and (b) O 1s for all anodes and cathodes. Figure S11 . Raman spectra of commercial γ-Al 2 O 3 powder and the coating layer sample prepared from the polymer-aided sol-gel method.
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Experimental Detail: The commercial γ-Al 2 O 3 powder (99.99%, nanoparticles,) is provided from Alfa Aesar. The coating layer sample was prepared on a glass slide with thickness around 10 micrometers. The layer was sintered at 550 o C for 5h.
